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Silver halide sensitized gelatin processing is optimized to 
increase the spatial frequency response in Agfa-Geυaert 
8E75 HD emulsion; therefore a diffraction efficiency of 55% 
in reflection gratings of 5000 lines / mm is achieved. 
Key words: Holography, holographic recording materi-
als. 
One of the most important characteristics in the fabrication 
of high-efficiency, low-noise holographic optical elements is 
the spatial frequency response of the holographic recording 
materials. Dichromated gelatin (DCG) is a well-known 
recording material with high efficiency at high frequencies. 
On the other hand, silver halide sensitized gelatin (SHSG) 
is a process that improves the results in DCG (spectral and 
energetic sensitivity) and obtains a similar noise level.1-5 
When we use values of exposure that are similar to those 
used in SHSG, the DCG is sensitive only in the blue-green 
region of the spectrum.6 It is possible to obtain diffraction 
gratings in DCG in the red zone. However, 200 times 
more energy7 is needed to obtain these gratings than is 
needed when SHSG is used. As an example we have 
produced holographic lenses in SHSG that are 200 mm in 
diameter8 by using a 15-mW He-Ne laser and an exposure 
time of 10 as a result of the energy sensitivity of the 
photographic emulsion. However, the SHSG spatial reso-
lution is not high enough to produce reflection holographic 
optical elements9 because of the limited resolution of the 
photographic emulsions employed in the photochemical 
process. 
Basically the most important step in the photochemical 
processing of SHSG is the bleaching bath, because with this 
step the latent image is obtained. In the bleaching bath 
material transfer from the exposed areas to neighboring 
unexposed areas occurs. The mechanism that is responsi-
ble for this material transfer in such a bleaching bath 
contains not only an oxidizing agent and an alkali halide but 
usually also potassium bromide.10 This excess produces 
an optimization in the local action of the Cr+3 ion. 
On the other hand, the gelatin that supports the emul-
sion is important because of the hardening bias level 
achieved, which depends on the initial hardening of the 
gelatin. Thus an increase in the temperature of the bleach 
can modify the hardening bias level of the photographic 
emulsion.11 
Graver et al.12 have discussed the possible photochemical 
process that is produced by this process. However, there 
are some differences between the process presented by 
Graver and the method that we propose. First, he used a 
Kodak 649 F plate that has a type of gelatin that is different 
from the Agfa 8E75 HD plate that we used. This implies 
that the swelling factor is different.11 Second, the bleach-
ing agent used by Graver was R-9, while we used an R-10 
rehalogenating bleach bath. According to our previous 
experimental results, if we eliminate the potassium bro-
mide from the bleaching bath, the diffraction efficiency 
decreases significantly. 
In this Technical Note we show that by using a Agfa 8E75 
HD emulsion and a modified R-10 bleach, it is possible to 
obtain a 75% diffraction efficiency at a high spatial fre-
quency (2000 lines/mm). We think that this is due to the 
potassium bromide content in this solution, which controls 
the average life span of the Cr+3 ions and therefore 
optimizes the action of the bleaching agent. Hariharan 
and Chidley13 have addressed this issue of the effect of the 
bleaching agent, although he used different components in 
his bleaching solution. 
To optimize and analyze SHSG the processing possibili-
ties of unslated holographic transmission gratings between 
600 and 2000 lines/mm were recorded on Agfa-Gevaert 
8E75 HD plates, and the process that we followed was 
similar to that of Chang and Winick1 but with the tempera-
ture of the bleaching bath modified to 50°C. Exposures 
were made at 633 nm by using an s-polarized He-Ne 
source. 
After some trials we found that the diffraction efficiency 
increases significantly at high frequency by using the 
nonsolvent Kodak developer PAAP, which produces a bet-
ter resolution than the D-19 developer. The curves in Fig. 
1 show the variation of the maximum diffraction efficiency 
with the spatial frequency for the two developers. 
Another significant improvement was discovered when 
the processing was stopped after bleaching. Plates were 
dried and maintained to 90% relative humidity in a dark 
room during a 24-h period pause [step (4) in Table 1]. As a 
result of this step the differential hardening is modified 
because we allow the darkening reaction to occur precisely 
in the areas in which the Cr+3 ion of the bleaching agent is 
used. The darkening reaction was reported in an earlier 
paper on DCG.1 Thus the process was continued. In 
these trials we observed that the results depended on the 
atmospheric conditions in which the plate was stopped. 
One possible explanation for the increase in diffraction 
efficiency is that during the remainder of the time the 
trivalent chromium ion could form a great number of 
cross-link bonds. According to this hypothesis the high 
relative humidity would be favorable for cross-link forma-
tion, since the best results were obtained in this case.14 
In Fig. 2 we show how stopping the process in high-
Fig. 1. Maximum diffraction efficiency as a function of the spatial 
frequency for unslated holographic transmission gratings devel-
oped with D-19 (D) and PAAP (■). 
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Table 1. Processing Schedule and Bleach Formula 
Fig. 3. Maximum diffraction efficiency as a function of spatial 
frequency for unslated holographic transmission gratings devel-
oped with PAAP with (D) and without (■) a stop in the processing. 
humidity conditions affects the diffraction efficiency for 
holographic transmission gratings at a spatial frequency 
response of 2000 lines/mm when PAAP developer is being 
used. A comparison between the spatial frequency re-
sponse for the PAAP developer with and without a stop in 
the process is shown in Fig. 3. 
To confirm these results, diffraction gratings were re-
corded with two collimated beams of equal intensity illumi-
nating the plates from opposite sides (reflection gratings). 
The angle between the two beams was 150° in the air, and 
the incidence of one of the beams on the plate was normal. 
Sets of gratings with the exposure varied were processed 
according to Table 1. Each grating was analyzed in an 
Oriel 7240 monochromator that maintained the recording 
geometry and varied the reconstructed wavelength to ob-
tain maximum light intensity in the first diffracted order. 
The ratio of this light intensity to the incident intensity was 
taken as the diffraction efficiency of the grating. Since the 
average refractive index15 of 8E75 HD emulsion is 1.64 at 
633 nm, by using the geometry described we calculated the 
spatial frequency of the gratings to be 5000 lines/mm. 
Figure 4 shows the experimental results obtained for 
diffraction efficiency and reconstruction wavelengths as 
functions of the exposure for the holographic reflection 
gratings processed according to Table 1. 
As we can see from Fig. 4, it is possible to achieve a 55% 
diffraction efficiency. Moreover the reconstruction wave-
length is lower than the recording wavelength since a lot of 
material is dissolved during the photochemical process. 
Both can be controlled in a wide range by adjusting the 
dichromate concentration and the acidity of the bleaching 
bath.16 However, care must be taken because these changes 
can affect the diffraction efficiency. An alternative with 
organosilane coupling agents to adjust for the emulsion 
thickness variations has been proposed.17 
In conclusion, the processing method that we have 
proposed and discussed here (Table 1) can optimize the 
spatial frequency response of SHSG. Thus a diffraction 
Fig. 2. Diffraction efficiency as a function of exposure for unslated 
holographic transmission gratings at a spatial frequency of 2000 
lines/mm developed with PAAP with (D) and without (■) a stop in 
the processing. 
Fig. 4. Diffraction efficiency (D) and reconstruction wavelength 
(■) as functions of exposure for holographic reflection gratings 
processed according to Table 1. 
4626 APPLIED OPTICS / Vol. 31, No. 2 0 / 1 0 July 1992 
efficiency of 55% is achieved by holographic reflection 
gratings of 5000 lines/mm with a suitable modification of 
the processing schedule, as has been proposed in previous 
papers. Finally, the results show the possibility of obtain-
ing reflection gratings with a good level of diffraction 
efficiency in SHSG. 
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